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© Image producing material. 



1. An image producing material comprising a 
substrate (41) which carries a plurality of colour 
containers (43) each of which contains a colour 
former (i) which is released when the respective 
colour container (43) is subjected to a predetermined 
process, the image producing material comprising 
developer material (42) with which the respective 
colour former (i), when so released, reacts to pro- 
duce a colour image characterised in that each of 
the colour containers (43) comprises infra-red absor- 
bent material (3) which produces the said release of 
«*the colour former (1) when the respective colour 
^container (43) is subjected to infra-red light of a 
©predetermined wavelength (X,. \,, \ 3 ). 
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"IMAGE PRODUCING MATERIAL" 



The present invention relates to an image pro- 
ducing material and, although the invention is not 
so restricted, it relates more particularly to a mul- 
ticolour image producing material for producing 
multicolour images. 

Multicolour images have previously been pro- 
duced by record producing systems such as elec- 
tron photography, electrostatic record produc- 
ing .current application record producing, heat-sen- 
sitive record producing, and ink jet record produc- 
ing. Further, much research has been conducted to 
develop a record producing system utilizing micro- 
capsules, and various systems such as a pressure 
sensitive record producing system, a heat-sensitive 
record producing system and so on have already 
been invented. Patents which concern such record 
producing systems are, for example, US-A- 
4,399,209, 4,440,849, 4,501.809, and 4,621.040. 

US-A-4,399,209 is directed to a transfer image 
producing system which comprises a layer of 
microcapsules wherein a chromogenic material is 
encapsulated with a photosensitive composition. 
The photosensitive composition comprises a 
radiation-curable composition which upon exposure 
causes an increase in its viscosity .thereby prevent- 
ing diffusion of the chromogenic material upon 
rupture of the capsules. Upon rupture of the cap- 
sules, those capsules in which the radiation-curable 
material is not activated will release the 
chromogenic material which will transfer to a devel- 
oper sheet and react with the developer material to 
form the image. A similar image producing system, 
i.e. a so-called self-contained imaging sheet 
wherein the developer and the photosensitive cap- 
sules are carried on a single substrate, is de- 
scribed in US-A-4,440,846. 

A colour image producing system employing 
the aforementioned photosensitive composition en- 
capsulated in pressure-rupturable microcapsules is 
described in GB-A-2,1 13.860. 

GB-A-2, 113,860 discloses a photosensitive ma- 
terial useful in full colour image production com- 
prising a support having on the surface thereof 
microcapsules which individually contain cyan, ma- 
genta and yellow colour formers and photosensitive 
compositions having distinctly different sensitivi- 
ties^ uniform mixture of the microcapsules is dis- 
tributed over the surface of the support. Images are 
formed by separating the red, green and blue com- 
ponents of the image to be reproduced and trans- 
lating these components into different wavelengths 
of actinic radiation to which the photosensitive 
compositions are distinctly sensitive. The photo- 
sensitive material is image-wise exposed to the 
translated radiation and thereafter it is subjected to 



a uniform rupturing force, such as pressure, which 
causes the microcapsules in the under-exposed 
and unexposed areas to rupture and release the 
colour formers. The colour formers then react with 

5 a developer material which is contained on the 
same or a different support and produce a full 
colour image. 

In the case of the prior techniques referred to 
above, the ink jet method involves a problem of 

jo clotting and is not sufficiently reliable, while the 
other record producing methods require many 
complicated steps for recording the three primary 
colours repeatedly from a CRT, etc. In particular, in 
the case of the known record producing material 

15 using capsules, the production of a coloured record 
is carried out by reacting one colouring component 
incorporated in a capsule with another colouring 
component which is present outside the capsule by 
effecting rupture of the capsule walls by applied 

20 pressure. For this purpose, a pressure roll is re- 
quired which has a force of 200-400 pounds per 
linear inch (357.16 - 7143.2 kg/m) to break the 
capsules. 

According to the present invention, there is 
25 therefore provided an image producing material 
comprising a substrate which carries a plurality of 
colour containers each of which contains a colour 
former which is released when the respective col- 
our container is subjected to a predetermined pro- 
30 cess, the image producing material comprising de- 
veloper material with which the respective colour 
former, when so released, reacts to produce a 
colour image characterised in that each of the 
colour containers comprises infra-red absorbent 
35 material which produces the said release of the 
colour former when the respective colour container 
is subjected to infra-red light of a predetermined 
wavelength. 

Preferably, each colour container is a heat- 
40 meltable microcapsule which is caused to melt 
when the respective infra-red absorbent material is 
subjected to infra-red light of a predetermined 
wavelength. 

The respective microcapsules preferably con- 
45 tain colour formers of different colours, each micro- 
capsule comprising infra-red absorbent material 
which is responsive to infra-red light whose 
wavelength differs from that to which the infra-red 
absorbent mateiaJ of a colour container which con- 
so tains a colour former of a different colour is respon- 
sive. Thus the microcapsules preferably comprise 
first microcapsules containing a cyan colour former 
and infra-red absorbent material responsive to a 
first wavelength, second microcapsules containing 
a magenta colour former and infra-red absorbent 



3 



0 279 104 



4 



materia] responsive to a second wavelength, and 
third microcapsules containing a yellow colour for- 
mer and infra-red absorbent material responsive to 
a third wavelength. 

The colour containers are preferably in a layer 
which is provided on a developer material layer or 
which contains developer material. 

Each microcapsule may have a porous mem- 
brane within which the colour former is encap- 
sulated. Thus each microcapsule may have inner 
and outer capsule walls, the porous membrane 
constituting one of the capsule walls. In this case, 
the infra-red absorbent material may be located in 
the other capsule wall. 

Alternatively, the porous membrane may con- 
stitute an outer capsule wall which contains the 
infra-red absorbent material. 

In one embodiment, each microcapsule has an 
inner capsule wall which contains the infra-red ab- 
sorbent material and an outer capsule wall which is 
made from a heat-meltable substance. 

If desired, each microcapsule may comprise a 
porous micro-globule which contains the colour for- 
mer, the micro-globule being encapsulated in an 
outer layer. 

Preferably each colour former comprises a 
leuco dye. 

The invention also comprises a process for 
forming a colour image by the use of the image 
producing material having the first, second and 
third microcapsules referred to above, the said 
process comprising resolving a multicolour image 
into its red, green and blue component parts; caus- 
ing each of said component parts to generate a 
respective actinic infra-red ray whose wavelength 
differs from that of the other said rays; directing the 
said rays onto the microcapsules so that the latter 
are heated by adsorbing the said rays; and produc- 
ing a multicolour image by causing or permitting 
the colour formers of the microcapsules to react 
with the developer material. 

The present invention enables multicolour im- 
ages to be obtained in a simple process at a high 
speed. 

The present invention, moreover, enables an 
image to be produced without rupturing capsules 
by pressure application. 

The colour former may be an electron donating 
chromogenic material dissolved in an organic sol- 
vent. The colour former may be located in or 
dissolved in a micro-globule. The micro-globule 
may be contained in a heat-meltable substance 
and may enclose the infra-red absorbent material. 
If desired, the infra-red absorbent material can be 
present in a porous membrane -or in a heat-melt- 
able substance. 

The image producing material of the present 
invention is preferably stable during normal han- 



dling and under general conditions, but if it is 
exposed to the infra-red rays which may be gen- 
erated from red, green and blue images, the micro- 
capsule is heated through adsorption of the infra- 

5 red rays and its outer capsule wall is melted. As a 
result of the melting of the outer capsule wall, its 
colour may pass through an inner capsule wall 
composed of a porous former membrane so as to 
ooze out, or a colouring component, which con- 

io stitutes the said developer material, and which is 
present outside the microcapsules may pass 
through the capsule wall and permeate into the 
inside of individual capsules. Whether in the former 
case or in the latter case, colour formation takes 

f5 place. 

The invention is illustrated, merely by way of 
example, in the accompanying drawings, in whichr- 
Figure 1 illustrates a first embodiment of a 
microcapsule forming part of an image producing 
20 material in accordance with the present invention; 

Figure 2 illustrates a second embodiment of 
a microcapsule forming part of an image producing 
material according to the invention; 

Rgure 3 illustrates a third embodiment of a 
25 microcapsule forming part of an image producing 
material according to the invention; 

Rgure 4 shows a first embodiment of a 
multicolour image producing material according to 
the present invention using the microcapsules 
30 shown in Rgure 1 or Rgure 2. or microcapsules 
incorporating porous micro-globules as shown in 
Rgure 3; 

Rgure 5 is a diagram illustrating the subjec- 
tion of the multicolour image producing material 

35 shown in Rgure 4 to light of different wavelengths; 

Rgure 6 is a schematic view illustrating a 
second embodiment of an image producing ma- 
terial according to the present invention; 

Rgure 7 is a schematic view illustrating the 

40 use of laser beam radiation to produce an image 
by employing the image producing material shown 
in Rgure 6; and 

Rgure 8 is a schematic view of a third 
embodiment of an image producing material ac- 

45 cording to the present invention. 

In one embodiment of an image producing 
material according to the present invention, the 
material comprises a substrate having provided 
thereon a capsule layer comprising a plurality of 

so heat-meltable microcapsules and a developer ma- 
terial for reacting with a colour former contained in 
the microcapsules to form colours. Each heat-melt- 
able microcapsule has a capsule wall including an 
infra-red absorbent. The capsule wall is a double 

55 capsule wall comprising an inner and an outer 
capsule wall. The inner capsule wall is composed 
of a porous membrane or a heat-meltable sub- 
stance. The infra-red absorbent comprises a sub- 
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stance which absorbs infra-red rays of a specified 
wavelength for causing a colour reaction but which 
substantially does not absorb infra-red rays of a 
different wavelength for causing another colour re- 
action. That is, the colour former, such as a leuco 5 
dye, reacts with the developer material to produce 
the required colour by absorbing infra-red rays of a 
specified wavelength. Such an image producing 
material enables multicolour images to be pro- 
duced at high speed in a simple process utilizing w 
infra-red rays of a plurality of different wavelengths. 
Thus, a multicolour image producing material may 
comprise a substrate having provided thereon at 
least two microcapsules or porous micro-globules 
separately containing therein leuco dyes of respec- is 
tive colours capable of forming at least two dif- 
ferent colours, and colour developers for reacting 
with the respective leuco dyes to form colours, the 
microcapsules or porous micro-globules containing 
infra-red absorbents.which are respectively respon- 20 
sive to different wavelengths for the respective 
colours, either in an inner capsule wall which en- 
capsulates the leuco dyes or in an outer capsule 
wall comprising a porous membrane or a heat- 
meltable substance. 25 

Figure 1 illustrates a first embodiment of a 
microcapsule forming part of an image producing 
materia! according to the present invention. In Fig- 
ure 1, a microcapsule 10 contains a leuco dye as a 
core material 1, an infra-red absorbent 3 and a 30 
heat-meltable substance 4. The microcapsule 10 is 
heat-meltable and has double capsule walls com- 
prising a porous membrane 2 as an inner capsule 
wall and the heat-meltable substance 4 as an outer 
capsule wall. The outer capsule wall may be a 35 
porous membrane. 

Figure 2 illustrates a second embodiment of a 
microcapsule forming part of an image producing 
material according to the present invention. In Fig- 
ure 2, a meltable microcapsule 11 has an inner 40 
capsule wail formed by a porous membrane 2 
which includes an infra-red absorbent 3. In Figure 
2, the capsule wall 2 is encapsulated in a porous 
membrane or a heat-meltable substance 4. 

Figure 3 illustrates a third embodiment of a 45 
microcapsule forming part of an image producing 
material according to the present invention. In Fig- 
ure 3, a microcapsule 12 comprises a porous 
micro-globule 5. The porous micro-globule 5 con- 
tains a leuco dye 1, the micro-globule 5 being 50 
encapsulated in a porous membrane or a heat- 
meltable substance 6. The porous membrane or 
heat-meltable substance 6 contains an infra-red 
absorbent 3. 

Figure 4 shows a first embodiment of a mul- 55 
ticolour image producing material according to the 
present invention using the microcapsules shown in 
Figure 1 or Figure 2, or microcapsules incorporat- 



ing the porous micro-globules 5 shown in Rgure 3. 
The material shown in Rgure 4 comprises a devel- 
oper material layer 42 having colour developers 
which respectively react with the leuco dyes to 
form colours.the developer material layer 42 being 
coated on a substrate 41. The material comprises 
three kinds of microcapsules or porous micro-glob- 3 
ules 43 containing respectively a cyan leuco dye 
44, a magenta leuco dye 45 and a yellow leuco 
dye 46, these microcapsules or micro-globules be- ? 
ing coated as a homogeneous mixture on the de- 
veloper material layer 42. The microcapsules or 
porous micro-globules which respectively have the 
cyan, magenta and yellow dyes, contain an infra- 
red absorbent 47 responsive to light of a 
wavelength X,, an infra-red absorbent 48 respon- 
sive to light of a wavelength X 2 , and an infra-red 
absorbent 49 responsive to light of a wavelength X 3 , 
respectively, at the respective walls or surfaces 
thereof. 

Rgure 5 is a diagram illustrating the subjection 
of the multicolour image producing material shown 
in Rgure 4 to light of different wavelengths. Upon 
exposure of the said material to infra-red rays 
having wavelengths X„ X a and X 3t respectively, in 
response to signals of the three primary colours 
from a CRT, etc., the microcapsules or porous 
micro-globules 43 of cyan, magenta and yellow are 
heated correspondingly by the light of the respec- 
tive wavelengths, whereby the leuco dyes con- 
tained in the respective microcapsules or porous 
micro-globules 43 respectively react with the colour 
developers in the layer 42 and a cyan colour por- 
tion 50, a magenta colour portion 51. and a yellow 
colour portion 52 are thus formed in the developer 
material layer 42 to facilitate subsequent formation 
of multicolour images. In other words, when infra- 
red rays having wavelengths of X„ X 2 , X 3 are ap- 
plied to the image producing material according to 
signals corresponding to three primary colours, 
such signals being produced, for example, by a 
cathode ray tube (CRT), the heat-meltable micro- 
capsules for the individual colours independently 
generate heat, thereby causing the heat-meltable 
substance to be melted. This brings about the 
reaction of the colour formers for the individual 
colours with the respective developers so as to 
develop the colours, thereby enabling a colour im- 
age comprised of cyan, magenta, and yellow, to be 
formed. The three primary colours, i.e. the red. 
green and blue component images, translate into 
infra-red rays having wavelengths of X, and X 3 , * 
infra-red rays having wavelengths of X, and \ 3 , and 
infra-red rays having wavelengths of X. and x,, 
respectively. 

As methods for producing the microcapsules or 
porous micro-globules used in the present inven- 
tion, there can be employed known micro-encap- 
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sutation and surface modification processes, for 
example, a coacervation method (a phase separa- 
tion method from an aqueous solution such as 
disclosed in US-A-2,800,457 and 2.800.458); an 
interfacial polymerization method; an in situ method 5 
by monomer polymerization; spray drying as pro- 
posed in US-A-3,1 11.407; an inorganic wall micro- 
encapsulation; and a fusion-dispersion-cooling 
method such as disclosed in GB-A-952.807. Other 
suitable methods may be employed if desired- 10 

In particular, interface polymerization, in situ 
polymerization, etc. are preferred as methods for 
forming the porous membrane. 

An example of a method for producing double 
wall microcapsules includes micro-encapsulating 15 
an organic solvent containing leuco dyes by inter- 
face polymerization, then mixing the microcapsules 
with a synthetic resin emulsion containing the infra- 
red absorbents to make a capsule slurry, and then 
spray drying the slurry to effect double-wall micro- 20 
encapsulation. Further, an example of the surface 
modification of the porous micro-globules includes 
mixing porous micro-globules immersed in an or- 
ganic solvent containing leuco dyes with a syn- 
thetic resin emulsion containing infra-red absor- 25 
bents to make a capsule slurry, and then spray 
drying the slurry to modify the surface. 

Examples of substances which may be em- 
ployed to make the microcapsules used in the 
present invention include polyamides, polyesters. 30 
polyureas, polyurethanes. urea-formaldehyde res- 
ins, melamine resins etc. Substances which may 
be employed to make the porous membrane and 
the heat-meltable substance include resins having 
a low melting point such as ethylene-acrylate 35 
copolymers, butadiene-styrene copolymers, poly- 
vinyl acetate, etc. Further examples of the material 
which may be used for the porous micro-globules 
include nylon, polyethylene, etc. 

Examples of the infra-red absorbents which 40 
may be used in the present invention include or- 
ganic compounds such as cyanine dyes, diamine 
type metal complexes, and dithiol type metal com- 
plexes, etc. and inorganic compounds such as zinc 
silicate, magnesium silicate, barium sulphate, and 45 
barium carbonate, etc. 

The leuco dyes which can be employed in the 
present invention can be fluorane derivatives, 
triphenylmethane derivatives, phenothiazine deriva- 
tives, auramine derivatives, spiropyrane derivatives. so 
etc. and specific examples include crystal violet 
lactome, 3.3-bis-(p-dimethylaminophenyl)phthalide, 
3,3-bis(p-dimethylaminophenyl)-6-aminophtha]ide. 
S^-bisfp-dimethylamino-phenylhe-nitrophthalide.' 
3.3-bis(p-dimethylaminophenyl)-6-chlorophthalide, 55 
3-dimethylamino-6-methoxyfluorane. 3. 
dimethylamino-5, 7-dimethylfluorane, 3- 
diethylamino-5. 7-dimethylfluorane. 3-diethylamino- 



7-methyffIuorane, 3.6-bis-/9- 
methoyxyethoxyfiuorane. 3,6-bis-/3-cyanoethox- 
yfluorane. benzoyl leuco methylene blue, 
rhodamine B lactam. 3-CP-aminophenyl-phthalide' 
etc. 

Examples of an organic solvent which can dis- 
solve the leuco dyes employed in the present 
invention include alkylated naphthalenes, alkylated 
biphenyls, alkylated terphenyls, chlorinated paraf- 
fins, etc. 

Examples of the developer material which can 
be used in the present invention include phenolic 
compounds such as a-naphthol. /3-naphthol, resor- 
cine, hydroquinone, catechol, pyrogallol. etc.. ac- 
tivated clay, organic carboxylic acid metal salts 
etc. 

The substrate used in the present invention 
may be made of paper, synthetic paper, synthetic 
resin films, etc. 

The other components of an image producing 
material of the present invention can be coated 
onto the substrate using a binder. 

Examples of the binder include polyvinyl al- 
cohol, methyl cellulose, carboxymethyl cellulose, 
styrene-butadiene latex, etc. 

For effecting the said coating there can be 
employed a bar coater, a roll coater, a blade 
coater, an air knife coater, etc. 

The infra-red rays required to develop an im- 
age producing material in accordance with the 
present invention, can be produced by a solid laser 
such as YAG laser, etc; a gas laser such as a 
carbon dioxide laser, etc; and an infra-red laser 
such as a semi-conductor laser, etc. 

Hereafter the present invention will be de- 
scribed with reference to the examples below, but 
is not to be deemed to be limited thereto. 



Example J_ 

(Microcapsules A) 

To 45 parts by weight of diisopropylnaph- 
thalene having dissolved therein 5 parts by weight 
of terephthaiic acid dichloride were added 1.4 parts 
by weight of benzoyl leuco methylene blue so as 
to dissolve therein. The benzoyl leuco methylene 
blue solution was mixed with an aqueous solution 
of 3 parts by weight of polyvinyl alcohol in 97 parts 
by weight of water and the mixture was emulsified 
and dispersed with a homogenizer to give a disper- 
sion having a mean particle diameter of 10a. An 
aqueous solution of 3 parts by weight of diethylene 
triamine and 3 parts by weight of sodium carbonate 
in 24 parts by weight of water was added to the 
dispersion. The mixture was allowed to stand for 24 
hours while stirring to give a capsule solution con- 
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taining benzoyl leuco methylene blue as a core 
substance. 

Next, the microcapsules wefe collected by fil- 
tration and 50 parts by weight of the microcapsules 
were mixed with 50 parts by weight of zinc silicate. 
10 parts by weight of styrene-butadiene latex and 
150 parts by weight of water. The mixture was 
stirred to give a capsule slurry. The capsule slurry 
was subjected to spray drying using a spray drier 
for experimental use under conditions comprising 
an inlet temperature of 130°C, an outlet tempera- 
ture of 80 °C, a pressure of 3.0 kg/cm 2 and a 
solution feed rate of 7 ml/min to give Microcaps- 
ules A containing zinc silicate in the wall and 
benzoyl leuco methylene blue as the core sub- 
stance. 



(Microcapsules B) 



solution was mixed with an aqueous solution of 3 
parts by weight of polyvinyl alcohol in 97 parts by 
weight of water and the mixture was emulsified and 
dispersed with a homogenizer to give a dispersion 

5 having a mean particle diameter of 10u. An aque- 
ous solution of 3 parts by weight of diethlene 
triamine and 3 parts by weight of sodium carbonate 
in 24 parts by weight of water was added to the 
dispersion. The mixture was allowed to stand for 24 

io hours while stirring to give a capsule solution con- 
taining 3-CP-aminophenyl phthalide as a core ma- 
terial. 

Next, the microcaps 'as were collected by fil- 
tration and 50 parts by weight of the microcapsules 
75 were mixed with 50 parts by weight of magnesium 
silicate, 10 parts by weight of styrene-butadiene 
latex and 150 parts by weight of water. The mixture 
was stirred to give a capsule slurry. The capsule 
slurry was subjected to spray drying using a spray 
20 drier for experimental use under conditions com- 
prising an inlet temperature of 130°C, an outlet 
temperature of 80°C, a 'pressure of 3.0 kg/cm 2 and 
a solution feed rate of 7 ml/min to give Micro- 
capsules C containing magnesium silicate in the 
wall and 3-CP-aminophenyl phthalide as the core 
material. 



(Dispersion) 

To 100 parts by weight of 5% polyvinyl alcohol 
aqueous solution were added 30 parts by weight of 
bisphenol A. The mixture was dispersed for 24 
hours in a ball mill to give a dispersion of bisphenol 
A. 

To 40 parts by weight of the bisphenol A 
dispersion were added 20 parts by weight of the 
Microcapsules A and 20 parts by weight of the 
Microcapsules B thus obtained. The mixture was 
stirred and made into a coating solution. The coat- 
ing solution was coated onto wood free paper of 50 
g/m 2 in an amount of 20 g/m 2 (dry weight) using a 
wire bar. The coating solution was then dried to 
give a multicolour image producing material. 

A record was made on the multicolour image 
producing material at an output of 1.0 W and a 
scanning rate of 2 m/sec using a carbon dioxide 
laser having a wavelength of 10.6 u to give colour 
images having a clear cyan colour. Next, a record 
was made on the said material at an output of 1.0 
W and a scanning rate of 2 m/sec using a carbon 
dioxide laser having a wavelength of 9.2u to give 
colour images having a clear magenta colour. The 
cyan and magenta colour images showed no colour 
contamination at all. 



To 45 parts by weight of diisopropylnaph- 
thalene having dissolved therein 5 parts by weight 
of terephthalic acid dichloride were added 1.4 parts 
by weight of rhodamine B lactam so as to dissolve 
therein. The rhodamine B lactam solution was 25 
mixed with an aqueous solution of 3 parts by 
weight of polyvinyl alcohol in 97 parts by weight of 
water and the mixture was emulsified and dis- 
persed with a homogenizer to give a dispersion 
having a mean particle diameter of 10u. An aque- 30 
ous solution of 3 parts by weight of diethylene 
triamine and 3 parts by weight of sodium carbonate 
in 24 parts by weight of water was added to the 
dispersion. The mixture was allowed to stand for 24 
hours while stirring to give a capsule solution con- 35 
taining rhodamine B lactam as a core material. 

Next, the microcapsules were collected by fil- 
tration and 50 parts by weight of the microcapsules 
were mixed with 50 parts by weight of barium 
sulphate, 10 parts by weight of styrene-butadiene 40 
latex, and 150 parts by weight of water. The mix- 
ture was stirred to give a capsule slurry. The cap- 
sule slurry was subjected to spray drying using a 
spray drier for experimental use under conditions 
comprising an inlet temperature of 130°C, an outlet 45 
temperature of 80°C, a pressure of 3.0 kg/cm 2 and 
a solution feed rate of 7 ml/min to give Micro- 
capsules B containing barium sulphate in the waJI 
and rhodamine B lactam as the core material. 



(Microcapsules C) 

To 45 parts by weight of diisopropylnaph- 
thalene having dissolved therein 5 parts by weight 55 
of terephthalic acid dichloride were added 1 .4 parts 
by weight of 3-CP-aminophenyl phthalide so as to 
dissolve therein. The 3-CP-aminophenyl phthalide 
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Example 2 

A multicolour image producing material was 
obtained in a manner similar to Example 1 except 
that Microcapsules C were used in place of the 
Microcapsules B. 

A record was made on the multicolour image 
producing material under the same conditions as in 
Example 1 using a carbon dioxide laser having a 
wavelength 6f 10.6u and then using a carbon diox- 
ide laser having a wavelength of 9.6u to give 
colour images having clear cyan and yellow col- 
ours. The cyan and yellow colour images showed 
no colour contamination at all. 



Example 3 

A multicolour image producing material was 
obtained in a manner similar to Example 1 except 
that Microcapsules C were used in place of the 
Microcapsules A. 

A record was made on the multicolour image 
producing material under the same conditions as in 
Example 1 using a carbon dioxide laser having a 
wavelength of 9.2u and then using a carbon diox- 
ide laser having a wavelength of 9.6u to give 
colour images having clear magenta and yellow 
colours. The magenta and yellow colour images 
showed no colour contamination at all. 



Example 4 

To 60 parts by weight of a bisphenol A disper- 
sion were added 20 parts by weight of the Micro- 
capsules A. 20 parts by weight of the Microcaps- 
ules B and 20 parts by weight of the Microcapsules 
C described in Example 1. The mixture was stirred 
and made into a coating solution. The coating 
solution was coated onto wood free paper of 50 
g/m* in an amount of 20 g/m* (dry weight) using a 
wire bar. The coating solution was then dried to 
give a multicolour image producing material. 

A record was made on the multicolour image 
producing material under the same conditions as in 
Example 1 using carbon dioxide lasers having 
wavelengths of 10.6u. 9.2u and 9.6u to give colour 
images having clear cyan, magenta and yellow 
colours. The cyan, magenta and yellow colour im- 
ages showed no colour contamination at all. 



Example 5 

Figure 6 is a schematic view illustrating a sec- 
ond embodiment of an image producing material 
according to the present invention which comprises 



a substrate 62 coated with porous micro-globules 
63 each impregnated with a heat-meltable sub- 
stance containing either one of cyan, magenta, and 
yellow colour forming leuco dyes 65 dispersed 

5 therein, enclosed in a material 66, 67, 68 respec- 
tively which absorbs a laser beam of a wavelength 
which varies according to the colour concerned. 
The microglobules 63 are homogeneously mixed 
with each other in a binder 64 in which a developer 

w material is dispersed. 

Figure 7 is an illustration of the use of laser 
beam radiation to produce a multicolour image by 
employing the image producing material shown in 
Figure 6. 

15 When the laser beams having the wavelengths 
x„X t> and X, are applied to the image producing 
material according to signals corresponding to the 
three primary colours, e.g. by using a CRT, the 
porous micro-globules 63 for the individual colours 
20 independently generate heat, thereby causing the 
heat-meltable substance to be fused. This brings 
about the reaction of the leuco dyes for the individ- 
ual colours with the respective developer materials 
to develop the colours, thereby forming a colour 
25 image comprised of cyan, magenta, and yellow. 

The leuco dyes and developer materials which 
may be used in this example include the same 
compounds as given above. 

Examples of heat-meltable substances which 
30 may be used include waxes such as paraffin wax, 
montan wax, and polyethylene wax, and low-boiling 
resins such as ethylene-acrylate copolymers and 
butadiene-styrene copolymers. 

Examples of laser beam absorbing materials 
35 include inorganic oxides, phthalocyanines, and qua- 
ternary ammonium salts. 

As shown in Figure 6, the developer material 
and binder 64, which reacts with the leuco dyes 65 
to form the colours, is coated on the substrate 62 
to and the three kinds of porous micro-globules 63 
containing cyan leuco dye, magenta leuco dye and 
yellow leuco dye respectively, are coated as a 
homogeneous mixture thereon. The porous micro- 
globules of cyan, magenta or yellow contain a 
45 material 66 capable of absorbing a laser beam 
having a wavelength of X,. a material 67 capable of 
absorbing a laser beam having a wavelength of X J( 
and a material 68 capable of absorbing a laser 
beam having a wavelength of X J( respectively. The 
so porous micro-globules 63 include the leuco dyes 
and the heat-meltable substance as a core ma- 
terial. 

In Figure 7, the reference numerals 710. 711 
and 712 indicate an oscillator for a laser beam 
55 having a wavelength of x„ x, and x 3 respectively. 
The reference numerals 79 and 713 indicate pinch 
rollers. An image producing sheet 71 is exposed to 
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three kinds of laser beams having mutually dif- 
ferent wavelengths from the oscillators 710, 711 
and 712, thereby forming a multicolour image in 
one process. 



Example 6 

Another embodiment of the present invention 
will now be described as follows. The embodiment to 
comprises exposing a substrate coated with a 
homogeneous mixture of three kinds of microcaps- 
ules respectively containing any one of cyan, ma- 
genta and yellow dyes to a laser beam, thereby 
forming a multicolour image which is of a high 15 
quality and which is produced at a high speed in 
one process. 

Figure 8 is a schematic view of a laser colour 
image producing material. In Rgure 8, an image 
producing material or sheet 81 comprises a sub- 20 
strate 82 coated with a colour developing layer 83 
containing a developer material uniformly dis- 
persed therein. On the layer 83 there is formed a 
homogeneous mixture of three kinds of microcaps- 
ules 84 respectively containing core material com- 25 
prised of a combination of any one of cyan-, 
magenta-, and yellow-developing leuco dyes 85, 87 
and 89 with a corresponding decolourizing agent 
86, 88 and 810. The leuco dyes and the de- 
colourizing agents, which form the core materials of 30 
the microcapsules, are enclosed in a resin 811 
which fuses at a temperature which varies accord- 
ing to the kind of colour to be developed. The three 
kind of microcapsules respectively for cyan, ma- 
genta, and yellow each have a capsule wall con- 35 
taining a laser beam absorbing material which gen- 
erates heat upon being exposed to a laser beam. 

The microcapsules respectively for cyan, ma- 
genta, and yellow are exposed to three kinds of 
laser beams having mutually different energy levels 40 
so that they develop colours at e.g. temperatures 
of T„ T 2 , and T 3 (T, < T 2 < T 3 ), respectively. The 
microcapsule for cyan is formed so that a cyan 
decolourizing agent does not fuse until the tem- 
perature reaches T 2 although a cyan leuco dye 45 
fuses at a temperature of T,. In this case, the cyan 
leuco dye reacts with the developer at a tempera- 
ture of T, to develop a colour. The micro-capsule 
for magenta is formed so that a magenta de- 
colourizing agent does not fuse until the tempera- so 
ture reaches T 3 although a magenta leuco dye 
fuses at a temperature of T z . In this case, the 
magenta leuco dye reacts with the developer at a 
temperature of T, to develop a colour. At this 
temperature, the cyan decolourizing agent fuses in 55 
the microcapsule for cyan, which prevents the cyan 
leuco dye from developing a colour. Further, since 
the microcapsule for yellow does not develop a 



colour until the temperature reaches T 3 , only ma- 
genta is developed at a temperature of T,. The 
microcapsule for yellow is formed so that a yellow 
decolourizing agent does not fuse until the tem- 
perature reaches T« ( > T 3 ) although a yellow leuco 
dye fuses at a temperature of T 3 . In this case, the 
yellow leuco dye reacts with the developer at a 
temperature of T 3 to develop a colour. At this 
temperature, the decolourizing agents in the micro- 
capsules for cyan and magenta fuse, which pre- 
vents the cyan, magenta, and yellow leuco dyes 
from developing colours. Thus, the -microcapsules 
respectively for cyan, magenta, and yellow inde- 
pendently develop colours at different tempera- 
tures, which permit the production of a multicolour 
image in one process through radiation of three 
kinds of laser beam having mutually different en- 
ergy levels. 

The leuco dyes which may be used in the 
present Example include compounds as described 
above. 

Examples of the decolourizing agent which 
may be used include polyethylene oxide, polyox- 
ydecamethylene, oleyl ether, ^propylcarbinol, 2,5- 
dimethyl-3-hexy-2, 5-diol, and pentamethylglycerin. 

Examples of the developer which may be used 
include phenolic compounds such as a-naphthol, 
0-naphthol, resorcinol, hydroquinone, catechol, and 
pyrogallol. activated clay, and metal salts of or- 
ganic carboxylic acids. 

Examples of the heat-meltable substance 
which may be used for enclosing the leuco dye 
and the decolourizing agent therein include waxes 
such as paraffin wax, montan wax, and polyethyl- 
ene wax, and low boiling resins such as ethylene- 
acrylate copolymer, butadiene and styrene 
copolymer. 

Examples of the laser beam absorbing material 
which may be used include inorganic oxides, 
phthalocyanines. and quaternary ammonium salts. 

The process for forming colour images em- 
ploying the sheet 81 shown in Figure 8 is similar to 
that above described with reference to Figure 7. 

When the laser colour recording sheet 81 is 
exposed to laser beams X„ X 2 , and \ 3 having mutu- 
ally different energy levels so as to raise the tem- 
perature of the microcapsules 84 respectively to T.. 
T 2 and T 3 , the corresponding microcapsules 84 of 
the laser colour recording sheet 81 develop colour 
for use in producing a multicolour image. 

As described above, the multicolour images 
may be produced at high speed in a simple pro- 
cess utilizing a plurality of infra-red rays of different 
wavelengths, use being made of a multicolour 
record producing- material comprising a substrate 
having provided thereon at least two microcapsules 
or porous micro-globules separately containing 
therein colour formers of respective colours ca- 
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pable of forming at least two different colours, and 
colour developers capable of reacting with the re- 
spective colour formers to form colours, the at least 
two microcapsules or porous micro-globules con- 
taining infra-red absorbents responsive to different 
wavelengths for the respective colours in the wall 
or at the surface thereof. 



Claims 

1. An image producing material comprising a 
substrate (41) which carries a plurality of colour 
containers (43) each of which contains a colour 
former (1) which is released when the respective 
colour container (43) is subjected to a predeter- 
mined process, the image producing material com- 
prising developer material (42) with which the re- 
spective colour former (1), when so released, 
reacts to produce a colour image characterised in 
that each of the colour containers (43) comprises 
infra-red absorbent material (3) which produces the 
said release of the colour former (1) when the 
respective colour container (43) is subjected to 
infra-red light of a predetermined wavelength (X, 
X*. X 3 ). 

2. An image producing material as claimed in 
claim 1 characterised in that each colour container 
is a heat-meltable microcapsule (43) which is caus- 
ed to melt when the respective infra-red absorbent 
material is subjected to infra-red light of a predeter- 
mined wavelength (X„ X,, x 3 ). 

3. An image producing material as claimed in 
claim 2 characterised in that respective microcaps- 
ules (43) contain colour formers (1) of different 
colours, each microcapsule (43) comprising infra- 
red absorbent material (3) which is responsive to 
infra-red light whose wavelength differs from that to 
which the infra-red absorbent material (3) of a 
colour container (43) which contains a colour for- 
mer (1) of a different colour is responsive. 

4. An image producing material as claimed in 
claim 3 characterised in that the microcapsules 
comprise first microcapsules (C) containing a cyan 
colour former and infra-red absorbent material re- 
sponsive to a first wavelength (X,), second micro- 
capsules (M) containing a magenta colour former 
and infra-red absorbent material responsive to a 
second wavelength (X,). and third microcapsules 
(Y) containing a yelow colour former and infra-red 
absorbent material responsive to a third • 
wavelength. 

5. An image producing material as claimed in 
any preceding claim characterised in that the col- 
our containers (43) are in a layer which is provided 
on a developer material layer (42) or which con- 
tains developer material (64). 



6. An image producing material as claimed in 
claim 2 or in any claim appendant thereto charac- 
terised in that each microcapsule (43) has a porous 
membrane (2,6) within which the colour former (1) 

5 is encapsulated. 

7. An image producing material as claimed in 
claim 6 characterised in that each microcapsule 
(43) has inner and outer capsule walls (2,4), the 
porous membrane (2) constituting one of the cap- 

w sule walls. 

8. An image producing material as claimed in 
claim 7 characterised in that the infra-red absor- 
bent material (3) is located in the other capsule 
wall. 

15 9. An image producing material as claimed in 
claim 6 characterised in that the porous membrane 
(6) constitutes an outer capsule wall which contains 
the infra-red absorbent material (3). 

10. An image producing material as claimed in 

20 claim 6 characterised in that each microcapsule 
(43) has an inner capsule wall which contains the 
infra-red absorbent material (3) and an outer cap- 
sule wall which is made from a heat-meltable sub- 
stance. 

25 11. An image producing material as claimed in 
claim 2 or in any claim appendant thereto charac- 
terised in that each microcapsule (3) comprises a 
porous micro-globule (5) which contains the colour 
former (1), the micro-globule (5) being encapsu- 

30 lated in an outer layer (6). 

12. An image producing material as claimed in 
any preceding claim in which each colour former 
(1) comprises a leuco dye. 

13. A process for forming a colour image by 
35 the use of the image producing material claimed in 

claim 4 or in any claim appendant thereto charac- 
terised by resolving a multicolour image into its 
red, green and blue component parts; causing each 
of said component parts to generate a respective 

40 actinic infra-red ray whose wavelength (X„ x lt X,) 
differs from that of the other said rays; directing the 
said rays onto the microcapsules (C.M.Y) so that 
the latter are heated by adsorbing the said rays; 
and producing a multicolour image by causing or 

45 permitting the colour formers of the microcapsules 
to react with the developer material (42). 

14. A multicolour image producing material 
comprising: 

a substrate; 

so a capsule layer made up of a plurality of heat- 

meltable microcapsules, said heat-meltable micro- 
capsules separately containing therein colour for- 
mers of respective colours capable of forming at 
least two different colours, and infra-red absorbents 

55 having different wavelengths for the respective col- 
ours, each said microcapsule having a porous 
membrane which wraps the colour former; and 

a developer material layer formed on the 
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substrate or coexisting with the microcapsules, said 
developer material reacting with the colour former 
to produce a colour image. 

15. A multicolour image producing material 
comprising: 5 

a substrate; 

a capsule layer made up of a plurality of 
microcapsules, each said microcapsule comprising 
a colour former and a capsule wall containing an 
infra-red absorbent which absorbs an infra-red ray ro 
of a specified wavelength for causing the system to 
produce its colour but which substantially does not 
adsorb an infra-red ray of a different wavelength for 
causing another system to produce a colour; and 

a developer material layer formed on the ;s 
substrate or coexisting with the microcapsules. 

16. A process for forming a colour image em- 
ploying a multicolour image producing material 
comprising a substrate, a capsule layer made up of 
three kinds of heat-meltable microcapsules, each of 20 
said microcapsules containing a cyan colour former 

and an infra-red absorbent having a wavelength of 
X.. a magenta colour former and an infra-red absor- 
bent having a wavelength of X 2 and a yellow colour 
former and an infra-red absorbent having a 25 
wavelength of X 3 , and a developer material layer 
formed on the substrate or coexisting with the 
microcapsules, said process comprising: 

a) resolving a multicolour image into its red, 
green and blue component images, 30 

b) translating, individually, each of said red, 
green and blue images into a signal which gen- 
erates an infra-red ray, said infra-red ray being 
actinic with respect to the infra-red absorbent con- 
tained in the microcapsule, 35 

c) directing the infra-red rays onto the mul- 
ticolour imaging material whereby the microcaps- 
ules are heated by adsorbing the infra-red rays, 
and 

d) producing a multicolour image by reacting 40 
the colour formers and the developer material. 
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